Abstract. DNA barcoding surveys of small insects usually extract DNA from either a complete insect or a leg. Little is known about how to optimize DNA quantity and quality from different insect parts while preserving a morphological voucher. Here, we quantify DNA yield from different body parts (antenna, hind leg, forewing, hind wing and abdomen) of the micro-moth Cameraria ohridella (Lepidoptera: Gracillariidae) using fluorescent nucleic acid stain (PicoGreen). Samples were preserved in 100% ethanol or dried for three weeks. Our experiment was designed to encompass practical sampling options during fieldwork. DNA quality was assessed by PCR amplification of the mitochondrial COI barcode fragment. In addition, we compared PCR amplification using Platinum ® Taq and Qiagen DNA Polymerase and quantified sequence success of amplified DNA. We show that overall, dry parts showed higher eluted DNA yields. PCR and sequencing success rate were slightly higher for dry tissue than ethanol-preserved parts. We also show that Platinum ® Taq yielded the highest PCR success rate and that all dry tissues are sequenceable. The optimal strategy for DNA barcoding surveys is therefore to mount micro-Lepidoptera specimens in the field for morphological analysis and sample tissues (hind legs are favoured) from dried samples at a later time (several weeks) in the lab for DNA barcoding using preferentially Platinum ® Taq. If larger amounts of DNA are required (i.e. for nuclear gene sequencing), several legs from one side of the specimen or the abdomen should be preserved in pure ethanol.
INTRODUCTION
Lepidoptera (butterflies and moths) play a prominent role in biodiversity surveys as indicators of habitat disturbance and hotspots of biodiversity (Küper et al., 2004; Kristensen et al., 2007) . They constitute a mega-diverse order of insects with at the latest count 157,424 recognized species (Nieukerken et al., in press) and an additional estimated 230,000 species (www.lepsys.eu) still to be discovered, mostly in tropical areas. The least known Lepidoptera that include the highest number of undescribed species are the micro-Lepidoptera, a paraphyletic group (Regier et al., 2009 ) ignored by the bulk of lepidopterists with some prominent exceptions such as butterflies (Mutanen et al., 2010) . Over recent decades, molecular methods have complemented traditional comparative morphology and taxonomic classification of micro-moths (Nieukerken et al., in press) . Indeed, an increasing number of DNA-based studies on smaller moths have recently been published in the fields of evolutionary biology (Lopez-Vaamonde et al., 2003 Kawakita et al., 2004; Bucheli & Wenzel, 2005; Pellmyr et al., 2006; Schmitz et al., 2007; Kawahara et al., 2011) , molecular ecology (Mari Mena et al., 2008; Valade et al., 2009) , and in clarifications of complicated cases in alphataxonomy such as cryptic differentiation and/or species race formation (Kaila & Ståhls, 2006; Ohshima, 2008; Schmitz et al., 2008) .
The availability of molecular techniques that can obtain DNA sequence data from tiny amounts of tissue or from old museum specimens (Mandrioli et al., 2006; Meusnier et al., 2008) has led to an increased interest in museum collections which are important not only for studying species at a molecular level but also to integrate DNA data into studies previously conducted at a morphological level only (Carter et al., 1997; Quicke et al., 1999; Knölke et al., 2005; De Prins et al., 2009 ). However, extraction of DNA is invasive and entails the destruction of the entire specimen, or a part of it. This is a serious problem when handling rare museum specimens or types (Whitfield & Cameron, 1994; Mandrioli, 2008) . In addition, for freshly collected material, it is critical that voucher specimens used in genetic analyses are available for subsequent morphological study to corroborate identifications, and in some cases for those vouchers to become future types. This is particularly relevant to surveys of microlepidoptera fauna in the tropics where exceptionally high levels of singletons (species represented by single individuals) of undescribed species are found (Davis & Stonis, 2007) .
Preserving samples in such a way that they are suited both for morphological studies as well as for the extraction of high quality DNA at a later date, has proved difficult. Different authors have suggested several approaches to minimize destruction of voucher specimens (Philips et al., 1995; Gilbert et al., 2007; Rowley et al., 2007) . For instance, efforts have been made to avoid wasting sub-stantial amounts of DNA, which is discarded in the form of soft KOH-macerated tissue during slide preparation for morphological analysis. A logical step is to combine morphological genitalia examination with DNA-sequence information by modifying the dissection protocol: maceration of abdomens in KOH is replaced by proteinase-k enzymatic digestion of soft tissue followed by DNA extraction. This procedure has been successfully applied to relatively large specimens in the Pyralidae and Geometridae (Knölke et al., 2005) and recently to microLepidoptera (Ohshima & Yoshizawa, 2006 , Nieukerken 2007 . However, Lepidoptera, often possess very complex male genitalic structures, and diagnostic characters such as long ducti often occupy the complete abdomen in females (Kaila, 2011) , and long sacci penetrating 3-4 abdominal segments in males. We note also that lepidopteran abdomens may be rich in external scale characters including spines and androconia (Adamski & Brown, 1989; Horak, 2006) that can be destroyed during digestion.
Other parts of the body have been successfully used as source of DNA such as pieces of wings (Rose et al., 1994; Vila et al., 2009 ). However, most genetic surveys of adult insects usually extract DNA from a leg (Lai & Pullin, 2004; Watts et al., 2007; Vila et al., 2009; Koscinski et al., 2011) . Indeed, legs remain the main tissue used as source of DNA in large molecular systematic studies of Lepidoptera such as the all-Lepidoptera barcoding project (Janzen et al., 2005; Burns et al., 2007;  http://www.lepbarcoding.org). However, the hind legs of most micro-moths are relatively small. Additionally, in rough field conditions in remote tropical areas with a micro-Lepidopteran fauna that is mostly unknown to science, and with techniques that are both time-consuming and require skilled manipulation, the fieldworker is faced with a dilemma. Either the small specimen is pinned and set for further morphology-based species description, or the specimen is fixed for DNA preservation. The need to solve this and minimize destructive procedures prompted us to analyse which morphological part of a small lepidopteran specimen could best serve for DNA extraction, leaving the genitalia intact and, ideally a mirror part of the removed body parts for further morphology-based study.
For our experiment, we used adults of the horse chestnut leafminer Cameraria ohridella Deschka & Dimi , 1986 (Lepidoptera: Gracillariidae) . C. ohridella is a highly invasive species which has spread throughout Europe and has become one of the best known micromoth species (Lees et al., 2011a, b) .
Here, we aimed to assess DNA quantity and sequencing success from different body parts of C. ohridella to identify a tissue that will yield sequenceable DNA, without damaging the voucher specimen so that further morphological studies can be carried out.
MATERIAL AND METHODS

Sample preparation
Thirty freshly-emerged adult moths collected in Mézières-lezCléry, France, were placed in a collection tube that was then placed in boiling water for several seconds, a practical and convenient technique that does not require dangerous killing reagents (Dall'Asta et al., 2002) . For each adult moth, ten tissue samples were examined: five samples were removed with the help of a needle and forceps from the right side, and five from the left side. The five samples from the right side were fixed in 100% ethanol and coded as follows: right antenna (RAN), right forewing (RFW), right hindwing (RHW), right hindleg (RHL), abdominal segments I-III (FAB). The left side of each specimen was set and dry-preserved in a hermetically sealed plastic box along with moisture absorbing silica gel crystals (Fluka 112926-00-8). After three weeks of drying, five tissue samples were removed as above, fixed in 100% ethanol and coded as follows: left antenna (LAN), left forewing (LFW), left hindwing (LHW), left hindleg (LHL). Dry abdominal segments IV-VIII (HAB) were also placed in 100% ethanol. Dry samples were fixed in ethanol because small tissues such as dry legs and antennae of micromoths are prone to spontaneous displacement because of static electricity. While samples were drying, ethanol-preserved samples were kept in the fridge (1°C).
The mean size of tissue samples of C. ohridella ± standard deviation measured for 10 individuals was as follows: Length of antenna (3.51 ± 0.35 mm); area of forewing (2.40 ± 0.51 mm²); area of hindwing (0.59 ± 0.12 mm²); length of femur (0.66 ± 0.06 mm); length of tibia + tarsus (2.73 ± 0.25 mm); length of hindleg (3.38 ± 0.31 mm).
DNA extraction
Due to the small size of samples, we did not grind them. Three hundred DNA extractions (10 extractions per individual) were carried out using the Nucleospin tissue kit (MachereyNagel). Because of the small size of tissue we adjusted the manufacturer's protocol by halving the recommended digestion, lysis and DNA binding volumes. Digestion was performed in 90 µl of digestion buffer and 12.5 µl proteinase K solution for two hours with regular vortexing, then 100 µl of lysis buffer was used. For the cleaning steps we used 500 µl of cleaning solution 1 and 600 µl of the cleaning buffer mixed with ethanol and isopropanol. The elution of the DNA was done in two steps of 25 µl 5 mM TrisHCl to increase the concentration and to maximize DNA recovery from the binding columns.
DNA concentration assessment
We tried to measure the concentration of DNA by measuring absorbance at 260 nm (A260) with the ND-1000 spectrophotometer v3.5 (NanoDrop Technologies, Wilmington, NC, USA) and an Eppendorf Biophotometer. However, DNA concentration was below the threshold detection value of most samples or they did not exceed measuring error values of both detection systems. We therefore used a PicoGreen assay (Invitrogen, Paisley, UK), a routine procedure for accurate DNA quantification (Watts et al., 2007; Wilding et al., 2009 ) and measured the concentration with a Tecan Infinite F200 filter-based detection system (Tecan). The DNA was stained using a fluorescent dye that emits a fluorescent signal when excited by light. This detection system expresses its measurements in relative fluorescent units (rfu). The rfu of samples were determined by comparing the samples with a reference set of known concentrations. The reference samples used were supplied by the manufacturer and consisted of Lambda phage DNA. The concentrations ranged from 0-1000 ng/ml. The values obtained with the solution that contained no DNA was considered background noise and this was substracted from the values obtained from the samples. Background noise was determined by taking the average of three empty samples. It was determined as being at 77 rfu. We then calculated the concentrations with corrected relative fluorescent units (crfu). These crfu are the measured values with the "background noise" subtracted from that value. From the reference series a linear regression was made, which expresses the reads from the machine as values in pg/µl.
PCR assessment
The PCR was carried out in 20 µl containing 1 × PCR buffer (Qiagen), 1-20 ng template DNA, 2.0 mM MgCl2, 0.2 mM dNTPs, 0.02 units/µl of Taq DNA polymerase (Qiagen) and 0.4 µM of the forward and reverse primers. The PCR profile started with an initial denaturation of 3 min at 94°C, followed by 35 cycles of 45 s at 94°C, 45 s at 50°C and 45 s at 72°C. The PCR ended with a final step of 7 min at 72° C. The same conditions were used for Platinum ® Taq. The PCR was evaluated on precast 2% agarose gels (Invitrogen) with the same uv-illumination strength. The result per PCR was scored according to a visual assessment: (a) a success contained a visible band of the expected size which could be a strong or a weak band; (b) a failure did not contain a visible band on the gel. We used primers Lep-HybLCO & LepHybHCO which are the primers LCO1490 and HCO2198 published by Folmer et al. (1994) adjusted with a T7/T3 universal primer pair (Wahlberg & Wheat, 2008) to amplify the 658 bp "DNA barcode fragment" (COI mt-marker).
Sequencing assessment
We also measured success as sequenceable DNA. Since well amplified DNA (the barcode fragment) of Gracillariidae is always sequenceable (100% success rate, unpubl. data) we tried to sequence "poorly" amplified PCR products.
Out of 183 amplified bands, 36 poorly amplified or failed bands were chosen for DNA sequencing. In addition, we used two well amplified bands as positive controls. PCR products were purified using the Nucleofast Kit (Machery-Nagel GmBH) and sequenced using the BigDye Terminator v. 1.1 Cycle Sequencing Kit on an ABI 3130xl automated capillary DNA sequencer (Applied Biosystems). Four µl of the cleaned PCR product was added to the cycle sequencing master mix to yield a total volume of 12 µl. Sequences were checked, assembled and aligned in SeqScape v2.5 (Applied Biosystems). Average phred scores were used to assess sequence quality. Sequences with an average phred score of 29 or higher were accepted as valid if they were matched with the reverse complement. A successfully recovered barcode was defined as having both forward and reverse read which provide the full length barcode of 658bp with an average phred score of 29 or higher. The number of ambiguous calls must also be less than 1%.
Edited sequences were deposited in GENBANK (Accession numbers: JN603639-JN603661).
Statistical analysis
Data sets were not normally distributed (Kolmogorov test highly significant) so data was analyzed non-parametrically using Microsoft Excel (2002 for PC) using sheets obtained from McDonald (2009) .
RESULTS
Tissue dependent DNA yield
DNA quantity differed significantly between tissues (Kruskal-Wallis test: H = 45.99, d.f. = 4, p < 0.001). The largest DNA concentrations were obtained from ethanolpreserved abdomens (FAB) and dry stored abdominal segments (HAB) (409.7 and 262.6 pg/µl respectively). Interestingly, despite the fact that ethanol preserved abdomens show the highest concentration of DNA (Fig. 1) , overall dry tissue has a significantly higher DNA yield than ethanol-preserved tissue, (Wilcoxon signed ranks test: W = 132.5 n = 46, p 0.001).
PCR success rates
Tissues yielded good quality DNA, and gel electrophoresis showed sharp bands of high molecular weight with no evidence of degradation. We observed no non-specific amplicons in our reactions.
Overall, Platinum ® Taq DNA Polymerase delivered slightly greater intensity amplicons and amplification success. Indeed, 97.9% of PCR reactions, that is 94 (48 bands for dry + 46 bands for ethanol preserved tissue) out of 96 PCR reactions yielded a visible amplified PCR product using Platinum ® Taq. On the other hand, 91.7% of PCR reactions, that is 88 (47 bands for dry + 41 bands for ethanol preserved tissue) out of 96 PCR reactions yielded a visible amplified PCR product using Qiagen Taq (Table 1) .
Dry material showed slightly higher PCR success rate for both Taqs (100% for Platinum ® Taq and 98% for Qiagen Taq) than ethanol-preserved tissue (96% for Platinum ® Taq and 85% for Qiagen Taq) ( Table 1) .
Sequencing success rate
Out of 36 poorly amplified DNA samples 23 (63.9%) were successfully sequenced producing readable barcodes (Table 2 ). Both positive controls were also successfully sequenced.
All 23 barcodes belong to the invasive haplotype A, the most common haplotype in Europe (Valade et al., 2009; Lees et al., 2011b) . 
DISCUSSION
Researchers working on small insects such as micromoths regularly deal with DNA extractions with concentrations below 10 ng/µl. In such cases, quality assessments measured via spectrophotometry using the 260/280 nm absorbance ratio have been shown to be unreliable (Wilding et al., 2009 ). Here we successfully use Picogreen as an alternative method to estimate DNA quantity from tiny amounts of tissue (Watts et al., 2007; Wilding et al., 2009) . Since many microlepidopteran species are represented by a very short type series or just the holotype (Vári, 1961; Aarvik & Karisch, 2009 ), we simulated a situation where only a very small tissue sample is available. Due to the minute size of samples and difficulty in handling them, we did not grind them before extraction, which would have made a larger surface area of digestible parts available for the digestion buffer. Since the chitin exoskeleton is not affected by the proteinase K, it is possible that the buffer solution did not digest all of the tissue inside some body-parts of the uncrushed samples, and this could explain the overall low quantities of DNA obtained.
Previous studies have successfully used antennae and/or legs of freshly collected micro-moth adults as good sources of DNA for molecular phylogenetic analyses (Lopez-Vaamonde et al., 2003 . Those studies used Chelex 100 resin (Bio-Rad, Hercules, CA), a medium for simple extraction of DNA for PCR-based typing from forensic material (Singer-Sam et al., 1989; Walsh et al., 1991) . However, the problem with this method is the short storage life of the DNA extractions (Watts et al., 2005) . Here we decided to use a standard commercial extraction kit that yields high quality DNA.
Several papers have looked at the effects of preservatives on the yield of insect DNA useable for PCR amplification (Post et al., 1993; Vink et al., 2005) . Storage of samples in 80-100% ethanol at low temperature has been identified as an appropriate method for DNA preservation (Quicke et al., 1999; Vink et al., 2005) . Our data set shows a significantly higher DNA yield for dry stored specimens than for ethanol-preserved parts (Fig. 1) . Likewise, PCR and sequencing success rate was slightly higher for dry tissue than ethanol-preserved parts ( mens show higher DNA yields than dry abdomens. This disparity is likely due to the fact that abdomens take relatively longer to dry and water may degrade DNA, so putting abdomens straight in 100% ethanol helps to reduce DNA degradation.
It is also worth highlighting the 100% PCR success rate obtained when using Platinum ® Taq to amplify all types of dry tissue (Table 1) . Therefore, our advice is to mount micro-Lepidoptera in the field, leave the specimens to dry for several weeks, and then sample a dry hind leg or an antenna back in the laboratory for DNA barcoding using Platinum ® Taq. However, if a researcher needs larger amounts of DNA (ie. for nuclear gene sequencing, when the moth is small), and only one specimen per species is available (as mentioned before, surveys of tropical microlepidoptera contain very high proportions of singletons) several legs from one side of the specimen or if possible, the abdomen should be preserved in pure ethanol.
In our experiments, specimens were dried using silica gel to mimic procedures in tropical areas where care must be taken to avoid initial humidification e.g. by using a drying oven or silica gel (Amsel, 1935; Landry & Landry, 1984) . This is an efficient procedure both to obtain sequenceable DNA from large series of specimens collected during biosurveys in remote tropical areas and to minimize damage to the voucher specimens (to ensure this, a quantity of silica crystals is permeably separated within an airtight container). This procedure may also apply to other groups of small insects. It is hoped that our results will aid sampling during large scale biodiversity surveys and encourage the preservation of both morphological and molecular vouchers for systematic analysis.
